The ROMP 29A test corehole penetrated the Avon Park Formation, Ocala Limestone, Suwannee Limestone, and Hawthorn Group of middle Eocene to Pliocene age. The part of the Avon Park Formation penetrated in the ROMP 29A test corehole contains two composite depositional sequences. A transgressive systems tract and a highstand systems tract were interpreted for the upper composite sequence; however, only a highstand systems tract was interpreted for the lower composite sequence of the deeper Avon Park stratigraphic section. The composite depositional sequences are composed of at least five high-frequency depositional sequences. These sequences contain high-frequency cycle sets that are an amalgamation of vertically stacked high-frequency cycles. Three types of high-frequency cycles have been identified in the Avon Park Formation: peritidal, shallow subtidal, and deeper subtidal high-frequency cycles.
The vertical distribution of carbonaterock diffuse flow zones within the Avon Park Formation is heterogeneous. Porous vuggy intervals are less than 10 feet, and most are much thinner. The volumetric arrangement of the diffuse flow zones shows that most occur in the highstand systems tract of the lower composite sequence of the Avon Park Formation as compared to the upper composite sequence, which contains both a backstepping transgressive systems tract and a prograding highstand systems tract. Although the porous and permeable layers are not thick, some intervals may exhibit lateral continuity because of their deposition on a broad low-relief ramp. A thick interval of thin vuggy zones and open faults forms thin conduit flow zones mixed with relatively thicker carbonate-rock diffuse flow zones between a depth of 1,070 and 1,244 feet below land surface (bottom of the test corehole). This interval is the most transmissive part of the Avon Park Formation penetrated in the ROMP 29A test corehole and is included in the highstand systems tract of the lower composite sequence.
The Ocala Limestone is considered to be a semiconfining unit and contains three depositional sequences penetrated by the ROMP 29A test corehole. Deposited within deeper subtidal depositional cycles, no zones of enhanced porosity and permeability are expected in the Ocala Limestone. A thin erosional remnant of the shallow marine Suwannee Limestone overlies the Ocala Limestone, and permeability seems to be comparatively low because moldic porosity is poorly connected.
Rocks that comprise the lower Hawthorn Group, Suwannee Limestone, and Ocala Limestone form a permeable upper zone of the Upper Floridan aquifer, and rocks of the lower Ocala Limestone and Avon Park Formation form a permeable lower zone of the Upper Floridan aquifer. On the basis of a preliminary analysis of transmissivity estimates for wells located north of Lake Okeechobee, spatial relations among groups of relatively high and low transmissivity values within the upper zone are evident. Upper zone transmissivity is generally less than 10,000 feet squared per day in areas located south of a line that extends through Charlotte, Sarasota, DeSoto, Highlands, Polk, Osceola, Okeechobee, and St. Lucie Counties. Transmissivity patterns within the lower zone of the Avon Park Formation cannot be regionally assessed because insufficient data over a wide areal extent have not been compiled.
INTRODUCTION
Implementation of carbonate sequence stratigraphy can have a dramatic impact on development of an accurate stratigraphic interpretation that can be integrated into a conceptual carbonateaquifer hydrogeologic model (Loizeaux, 1995) . Carbonate sequence-stratigraphic methods offer the best correlation strategy that can reduce the risk of miscorrelating critical carbonate aquifer flow zones and confining units, as Kerans and Tinker (1997) have discussed its application to the petroleum industry. A regional sequencestratigraphic framework has not been developed previously for all the Tertiary marine carbonates included in the Floridan aquifer system throughout southern Florida, but has for part of the carbonate rocks of the Floridan aquifer system in westcentral Florida ( (Hammes, 1992; Loizeaux, 1995; Budd, 2001) . Carbonate rocks of the Upper Floridan aquifer have been targeted as injection zones for aquifer storage and recovery (ASR) projects as part of the Comprehensive Everglades Restoration Plan (CERP). As a result, it is critical that their sequence stratigraphy be developed to reduce the risk of failure of CERP-ASR projects. 
Purpose and Scope
The purpose of this report is to describe and interpret the lithology of part of the Upper Floridan aquifer penetrated by the ROMP 29A test corehole in Highlands County, Florida, and to integrate this information into a hydrogeologic model that delineates potential carbonate flow zones and confining units in the context of a sequence-stratigraphic framework. The report provides a detailed description of the uppermost 475 ft of the Avon Park Formation of middle Eocene age, Ocala Limestone of late Eocene age, and Suwannee Limestone of late Eocene and Oligocene ages. Attention is given to the stratigraphic distribution and thickness of porous and permeable zones and their relation to a sequence-stratigraphic framework established from this core. Lithologic descriptions are based on examination of 834 ft of slabbed core and 59 petrographic thin sections, and include petrologic and microfaunal analyses to determine the mineralogy, geologic age, and paleoenvironments of deposition. Percent vuggy porosity is estimated by a new method for the quantification of vuggy porosity using digital borehole images (Cunningham and others, 2003, in press ). Geophysical log and aquifer-test data collected in Highlands County and elsewhere are compared to assess relations between geology, hydrogeology, and transmissivity.
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SITE SELECTION AND METHODS OF EVALUATION
Three continuously cored test sites, having sufficient length and recovery in the stratigraphic interval of interest in the Lake Okeechobee area, were considered for evaluation of sequence stratigraphy; namely, the ROMP 14, ROMP 28, and ROMP 29A test coreholes ( fig. 1) . Because of its close proximity to the ROMP 29A test corehole, the ROMP 28 test corehole was used to test stratigraphic continuity between test coreholes; the ROMP 14 test corehole was not used. More than 2,500 ft of cored rock samples from the three test coreholes were obtained from the Florida Geological Survey Core Repository in Tallahassee, Fla., and from the Southwest Florida Water Management District (SWFWMD) in Brooksville, Fla. The unslabbed core samples from these test coreholes were evaluated, and the ROMP 29A test corehole was determined to be best suited for this analysis because of superior definition of the unconformity at the top of the Avon Park Formation and the percentage and quality of core recovered. A cursory comparison of the three test coreholes was conducted to assess continuity and correlation of selected rock units between coreholes.
The SWFWMD drilled the ROMP 29A test corehole as a temporary exploratory test corehole to provide geologic and hydrologic information needed to establish three nearby permanent monitoring wells in the surficial and intermediate aquifer systems and in the Upper Floridan aquifer. During the drilling process, continuous core samples were collected in combination with other geologic, borehole geophysical, and hydrologic data. The corehole was drilled to a depth of 1,244 ft below land surface.
Drilling and Geophysical Data Collection
The SWFWMD constructed the ROMP 29A test corehole in four stages. Initially, a 21-in.-diameter borehole was drilled to 40 ft below land surface and completed with a 16-in. inner diameter schedule 40 polyvinyl chloride (PVC) casing that was grouted with 5-percent bentonite cement.
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A 14 3 /4-in.-diameter borehole was then drilled from 40 to 250 ft below land surface. This borehole was lined with a 10-in. inner diameter schedule 40 PVC casing from land surface to a depth of 250 ft and was grouted with 5-percent bentonite cement. A 9 7 /8-in.-diameter borehole was drilled to 494 ft and lined from land surface with a 6-in. inner diameter schedule 40 PVC casing, also grouted with 5-percent bentonite cement. Finally, a temporary 4-in. inner diameter casing was installed from land surface to 496 ft, and the borehole was then cored to a depth of 1,244 ft and 1 7 /8-in.-diameter cores were retrieved. Core recovery was at 70 percent.
While the ROMP 29A test corehole was filled with clear freshwater, digital borehole image logs were run using the Mount Sopris OBI-40 Optical Televiewer. This instrument is designed for clear freshwater borehole environments to monitor, process, and record optical images of borehole walls in digital format for geological and geotechnical analysis. Quantification of vuggy porosity in borehole images of limestone and dolomite carbonate aquifers is a three-step process using Baker Atlas RECALL software (Cunningham and others, 2003, in press ). This process includes measurement of the proportion of vugs in images of slabbed whole-core samples, identification of potential vuggy porosity in borehole images, and calibration of the core-sample values to the results from borehole-images. In the method, the color digital borehole image is converted to gray scale, and then a nonstatic gray scale threshold is applied to count valid elements and make an estimate of vuggy porosity (Cunningham and others, 2003, in press ).
For purposes of this investigation and due to time and funding constraints, digital borehole images were not calibrated with whole-core samples. Threshold values similar to those identified in core-calibrated Pleistocene carbonates of southern Florida (Cunningham and others, 2003, in press ) were used to calculate vuggy porosity in the ROMP 29A test corehole. Accordingly, the synthetic porosity log provides only an estimate of vuggy porosity. However, the synthetic vuggy porosity log can be used to compare changes in porosity within the entire open-hole, optically logged interval. A limitation of the method is that porosity can be overcounted over intervals where the rock is very dark colored, but contains no visible porosity. Additionally, porosity can be undercounted over intervals where the rock is very light colored, but contains significant visible porosity. A comprehensive explanation of the method is provided by Cunningham and others (2003, in press ).
The ROMP 29A test corehole was cored continuously from land surface to 1,244 ft using a 5-ft long wireline core barrel that allows recovery of a 1 7 /8-in.-diameter, 5-ft-long (or shorter) core. Core samples (1 7 /8-in. diameter) were retrieved, measured, described, and placed in cardboard boxes for preservation and storage at the SWFWMD office in Brooksville, Fla. Each core box contains about 10 ft of core. Core recovery ranged from poor to excellent, with an overall recovery of about 70 percent. Detailed lithologic logs of the slabbed core are presented and include descriptions of lithology, color, texture, porosity, exposure surfaces, depositional features, bedding thickness, and fossils and assignment of formational units, sequence boundaries, and maximum flooding surfaces to the rock core (app. I). The core was photographed, and the photographs were converted to digital images by the USGS. Digital photographs of cores (in core boxes) are presented in appendix II.
Caliper, natural gamma, and resistivity logs were collected and provided by the SWFWMD. A digital optical borehole image of the open borehole below 735 ft was collected by the USGS using a Mount Sopris ALT OBI-40 Optical Televiewer. Geophysical and image logs at scales of 1:360 and 1:60 are provided in appendixes III and IV, respectively. The X-ray diffraction of six samples also was made to aid in the determination of mineralogy.
Quantification of Carbonate Vuggy Porosity from Digital Borehole Images
Vuggy porosity is visible "pore space that is within grains or crystals or that is significantly larger than the grains or crystals; that is, pore space that is not interparticle" (Lucia, 1995) . Intraparticle pores, particle molds, fenestrals, channels, and caverns as defined by Choquette and Pray (1970) are included in this definition, as is interparticle porosity that is visible to the naked eye. Identification of vugs and fractures by geophysical logging is normally accomplished, in the absence of image logs, by combining and interpreting several logs, including: sonic, dipmeter, laterolog, induction, density, spontaneous potential, caliper, and natural gamma-ray spectrometry (Crary and others, 1987) . Identification of vugs and fractures using these logs is challenging and interpretive in the absence of a borehole-wall image.
Visual interpretation of digital borehole images can improve delineation of zones of preferential flow and is the most reliable and practical method of identifying vuggy porosity in the limestone of the Floridan aquifer system. Electronic images of borehole walls are used to quantify vuggy porosity (Hickey, 1993; Newberry and others, 1996; others, 1998, 1999) in petroleum reservoirs and fracture porosity in aquifers (Williams and Johnson, 2000) . The technique also has been used successfully to quantify digital borehole images of the carbonate Pleistocene Biscayne aquifer (Cunningham and others, 2003, in press ).
SEQUENCE-STRATIGRAPHIC ANALYSIS
The ROMP 29A test corehole penetrates poorly consolidated to consolidated siliciclastics and carbonate rocks. The sediments and rocks range in age from middle Eocene to Pliocene and include, in ascending order, carbonate rocks of the Avon Park Formation, Ocala Limestone, and Suwannee Limestone, and siliciclastics of the Hawthorn Group ( fig. 2 ). Core descriptions are limited to these formations. The Hawthorn Group is generally included as part of the intermediate confining unit, which overlies the Floridan aquifer system ( fig. 2 ). However, a description of the Hawthorn Group from 412 to 461 ft below land surface is provided in the detailed lithologic logs (app. I).
The shallow marine limestones and dolomites of the Avon Park Formation were deposited mostly on the inner part of a broad, flat-lying carbonate ramp that sloped gently toward the Gulf of Mexico during the Eocene. The fine-grained carbonates of the Ocala Limestone of central Florida were deposited on the middle to outer-ramp setting at water depths generally below storm wavebase. The Suwannee Limestone represents a return to shallow marine conditions in central Florida during the early Oligocene. The Hawthorn Group is composed of shallow marine to nonmarine coastal and deltaic sandstone and mudstone, which prograded out over the older carbonate platform during the late Oligocene to Pliocene.
Avon Park Formation
Twelve lithofacies were identified for the Avon Park Formation (table 1). The vertical distribution of lithofacies is highly cyclic; consequently, considerable vertical heterogeneity of porosity and permeability exists within the Avon Park Formation. Few thick intervals are present in any one lithofacies as shown in appendix I.
Depositional Sequences and Sequence Stratigraphy
The vertical distribution of lithofacies within the Avon Park Formation inner ramp shows that its depositional setting in south-central Florida changed repeatedly over brief periods at the location of the ROMP 29A test corehole. Short-term, low-amplitude changes in relative sea level are recorded by a multitude of high-frequency depositional cycles. These high-frequency cycles (HFC's) are the fundamental depositional units that characterize the Avon Park Formation ( fig. 3 ).
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The HFC's of the Avon Park Formation can be grouped into high-frequency cycle sets (HFCS) reflecting fluctuations of relative sea level on a lower order time scale. These HFCS's have been further grouped into high-frequency sequences (HFS's) as shown in figure 3 . The nomenclature that is commonly applied to the various orders of depositional cyclicity in carbonate rocks is presented in table 2.
The lithofacies contained in the HFC's record three principal depositional settings during accumulation of the carbonate rocks comprising the Avon Park Formation: (1) peritidal; (2) open-shelf, shallow subtidal; and (3) open-shelf, deeper subtidal. A descriptive summary of three common types of HFC's associated with these three general depositional settings is provided in table 3. The successive shifting of these depositional settings through time 
Relation of Porosity to Sequence Stratigraphy
Most zones with high vuggy porosity calculated from digital borehole image logs (app. I) are located in the lower composite sequence (fig. 4) . This relative abundance in vuggy porosity corresponds to a thick carbonate section dominated by peritidal HFC's that collectively compose the interpreted highstand and progradational part of the lower composite sequence of the Avon Park Formation. These peritidal HFC's have the most abundant amount of grainstones and grain-dominated packstones. Visual examination of core samples and thin sections suggests these grainy lithofacies have relatively high intergranular porosity and relatively high matrix permeability. Thus, the carbonate rocks of the lower composite sequence are a heterogeneous interlayering of thin conduit flow and carbonate rock diffuse flow zones, and thus, the lower composite sequence also contains the greatest volume of conduit and carbonate diffuse flow zones (fig. 4) . The common occurrence of grainstone and relatively high porosity is more typical of highstand systems tracts than transgressive systems tracts using the modeled carbonate sequence stratigraphy of Lucia (1999) and the Permian carbonate ramp model of the San Andres Formation, Guadalupe Mountains, Texas and New Mexico as analogue examples (Kerans and others, 1994) .
Although calculated zones of high vuggy porosity (app. I) are uncommon in the upper composite sequence of the Avon Park Formation (fig. 4) , grainstone and grain-dominated packstone lithofacies with a relatively high matrix porosity and permeability is common. These zones are thin, however, showing the influence of depositional bedding on porosity development. Thus, the upper composite sequence is dominated by carbonate rock with diffuse flow, but does contain a semiconfining unit near the middle that corresponds to deeper subtidal HFC's and the shift from a backstepping transgressive to a prograding highstand systems tract (fig. 4) . The highstand systems tract of the upper composite sequence seems to represent a slightly deeper position on the platform, and consequently, less vuggy porosity and carbonate diffuse flow zones. The slightly deeper condition is suggested by the predominance of subtidal HFC's in the upper composite sequence relative to peritidal HFC's dominating the lower composite sequence.
The maximum-flooding surface of the upper composite sequence (that is, the record of the maximum relative sea-level transgression during Avon Park Formation deposition) is within an interval of deeper subtidal, planktic-foraminiferal wackestone. This fine-grained unit possibly could form a regional confining unit that separates porous zones in the upper Avon Park Formation from those in the middle and lower Avon Park Formation ( fig. 4 ) and may be part of the middle confining unit of Miller (1986) .
A 115-ft thick-interval (1,070-1,185 ft below land surface) of the lower composite sequence of the ROMP 29A test corehole has numerous large vugs ( fig. 4 and app. I ). This vuggy interval is within the middle and upper part of the thick unit of peritidal HFC's ( fig. 4) . The peritidal HFC's contain some evidence of tidal flat or supratidal flat evaporites, such as thin solution breccias, fractures, and molds of gypsum crystals. Thin evaporite layers probably dissolved during an early burial phase and provided porous and permeable zones of enhanced ground-water flow, thus promoting postburial dissolution and creating the vuggy interval. A 162-ft-thick interval between 1,082 and 1,244 ft below land surface contains several smallscale faults with mineralized striations or slickenlines on both surfaces. The mineralized slickenlines are composed of a darker material than the host rock and are easily identified on the digital borehole image. The fault-plane dip is oblique to the sense of motion on the slickenlines; however, the latter does not have visible steps or other kinematic features that indicate whether the dominant motion is normal or reverse. Measurable dips of fault planes range from 33 to 60 degrees, and there is no pattern to the dip direction. The faults formed in the wackestones and packstones, but not in any of the dolomitized layers. Occurrence of fault structures is possibly related to dissolution of evaporites. These faults along with the fractured dolomites found near the base of the core, large dissolution cavities, and vugs in the interval from 1,070 to 1,185 ft indicate enhanced permeability below 1,070 ft.
Porosity and Diagenesis
The ROMP 29A test corehole penetrated the upper 18 ft of a pervasively dolomitized zone of the lower Avon Park Formation between 1,226 and 1,244 ft below land surface (app. I). This vuggy and fractured section probably has relatively high porosity and permeability. The overlying part of the Avon Park Formation, however, has only scattered thin zones of finer crystalline dolomite with relatively low porosity and permeability. Most of the Avon Park Formation core shows little alteration of the depositional fabric by postburial diagenesis. In this area of the carbonate ramp, sediments of the Avon Park Formation apparently were buried without being subjected to a substantial influx of freshwater. Intergranular and moldic porosity of 30 to 40 percent is still preserved in many grainstones and grain-dominated packstones. Additionally, matrix porosity is equally high in mud-dominated packstone and wackestone. Even intraskeletal porosity in many foraminifers is preserved. However, matrix permeability is high only in the grainy limestones (Budd, 2001 ).
Secondary porosity is not as important to fluid flow as is the preserved intergranular porosity, except in the coarse dolomitized intervals, vuggy zones, and open fractures. Minor fossil moldic porosity is present in the generally foraminifer-rich limestones of the Avon Park Formation, but only a few thin mollusk-rich layers have extensive moldic porosity. In echinoid-rich grainstones, intergranular porosity is occluded by coarse syntaxial cement.
The 115-ft-thick zone of large vugs (1,070 and 1,185 ft below land surface) in the lower part of the cored interval of the Avon Park Formation (fig. 4) shows evidence of a late stage invasion of dolomitizing ground-water brines. A narrow and dense zone around many vugs was dolomitized, and large fibrous crystals of strontianite and anhydrite grew in the vugs. It seems that this late stage diagenesis created a dense poorly permeable zone around many of the vugs. If so, this would decrease the volume of fluid flow from vug to vug through time.
Ocala Limestone
The 270-ft-thick Ocala Limestone section penetrated by the ROMP 29A test corehole (app. I) is composed of poorly consolidated carbonate mud-rich limestone of late Eocene age. In southcentral Florida, the Ocala Limestone probably was deposited in a mid-to outer-ramp depositional environment, generally below normal wavebase. Wave-or current-winnowed grainy limestones, therefore, are minor in the Ocala Limestone in this corehole. Even so, cyclic vertical heterogeneity in lithology is characteristic (app. I).
The two principal lithofacies are: (1) large, benthic-foraminiferal (Nummulites and/or Lepidocyclina) wackestone with a soft micrite matrix; and (2) poorly indurated, large, benthic-foraminiferal, mud-dominated packstone. Additionally, there are some intervals of floatstone and mud-or grain-dominated rudstone composed of abundant Lepidocyclina foraminifers. Another less common lithofacies is mixed skeletal wackestone with few or no large foraminifers. Other fossils in these lithofacies include planktic foraminifers, small benthic foraminifers, thin-shelled bivalves, echinoids, bryozoans, ostracodes, and planktic crinoids.
Depositional Sequences and Sequence Stratigraphy
The Ocala Limestone of this region is composed of deeper subtidal depositional cycles containing at least two orders of frequency. Loizeaux (1995) and Budd (2001) boundary is based on a color change observed in the core (app. I) and its correlation to the regional sequence boundaries of Loizeaux (1995) .
3. The upper sequence is composed of 86.5 ft (between 499.5 and 586 ft below land surface) of mostly mixed-skeletal wackestone, with minor mud-dominated packstone, and a 2-ft-thick layer of Lepidocyclina floatstone at 541.5 ft. This sequence consists of at least three higher frequency units. The upper boundary of the sequence is a regional unconformity at the top of the Ocala Limestone.
Within each "third-order" sequence, Loizeaux (1995) tentatively defined two to three higher order, coarsening-upward, depositional cycles. Typically, the high-frequency depositional cycles are 15-to 50-ft thick and consist of large, foraminiferal wackestone overlain by large foram mud-dominated packstone. Using the criteria of Loizeaux (1995) , the lower sequence of the Ocala Limestone in the ROMP 29A test corehole tentatively can be divided into six higher frequency units, the middle sequence into seven, and the upper sequence into three units. The significance of textural changes in a middle to outer-ramp, large, foraminiferal buildup is problematic.
Relation of Porosity and Permeability to Sequence Stratigraphy
The Ocala Limestone near the ROMP 29A test corehole is composed entirely of carbonate mud-rich rocks. Much of the original high matrix porosity, however, is preserved. Porosity of the lime mud-rich rocks of the Ocala Limestone typically ranges from 30 to 40 percent (Loizeaux, 1995) . By contrast, matrix permeability and vertical hydraulic conductivity are low in the muddominated lithofacies of the Ocala Limestone in west-central Florida (Loizeaux, 1995; Budd, 2001) .
For this area of deeper subtidal depositional cycles, zones of enhanced porosity and permeability would seem unlikely in the Ocala Limestone, regardless of location in the depositional systems tracts. The Ocala Limestone is considered to be a semiconfining unit in the ROMP 29A test corehole ( fig. 2) . Loizeaux (1995) recognized part of the Ocala Limestone as a relatively impermeable barrier in west-central Florida.
Suwannee Limestone
In the area where the ROMP 29A test corehole was drilled, only a thin erosional remnant of shallow marine Suwannee Limestone overlies the unconformity at the top of the Ocala Limestone. In the ROMP 29A test corehole, three higher frequency units are recognized (app. I). The two lower units consist of the basal unit of the Suwannee Limestone, which is a 21.5-ft-thick interval of white, slightly silty, mollusk floatstone and lime mud-dominated rudstone (app. I). Molds of whole bivalves and gastropods are abundant, and echinoid fragments are common. Moldic porosity is high, but permeability probably is low because the molds do not seem to be well connected.
The upper higher frequency unit (app. I) is a 17-ft-thick interval that coarsens upward from silty and sandy skeletal mud-dominated packstone to silty and sandy skeletal grain-dominated packstone to silty and sandy miliolid-echinoid grainstone. Molds of gastropods and bivalves are common at the top of this depositional cycle. The intergranular porosity of the grainstone estimated in this thin section is only 10 to 15 percent because much of the pore space is occluded by syntaxial echinoid overgrowths.
Irregular vertical cavities at the top of this thin remnant of the Suwannee Limestone are infiltrated by silt of the Hawthorn Group. These features, probably microkarst, were produced during subaerial exposure, which followed extensive erosion of the Suwannee Limestone and preceded deposition of the shallow marine silt and sand of the basal Hawthorn Group.
REGIONAL DISTRIBUTION OF TRANS-MISSIVITY IN THE NORTHERN LAKE OKEECHOBEE AREA
Optimum transmissivities for successful ASR injection and recovery in southern Florida are reported to range from a lower limit of 5,000 to 7,000 ft 2 /d to an upper limit of 30,000 to 50,000 ft 2 /d (Reese, 2002, p. 40 ; T.M. Missimer, Missimer-CDM, Inc., oral commun., 2001). Therefore, maps showing the spatial distribution of transmissivity within likely water-bearing storage zones are useful tools that could be used to guide CERP regional ASR well siting activities. A number of different elements are reported to influence the distribution of transmissivity in the Floridan aquifer system (Miller, 1986) . Properties that influence the regional distribution of transmissivity in the Floridan aquifer system include the original lithologic character of the carbonate rock, carbonate depositional patterns, subsequent diagenesis including dolomitization, widening of fractures and joints by dissolution, and other types of karstification.
Estimates of transmissivity for the Upper Floridan aquifer (table 4) were derived by analyzing aquifer-test data published in the literature (Shaw and Trost, 1984; Southwest Florida Water Management District, 2000) . Transmissivities derived by Shaw and Trost (1984) were estimated using the Theis analytical equation; transmissivity estimates obtained from the Southwest Florida Water Management District (2000) were derived using various analytical methods including those of Theis (1935) , Cooper and Jacob (1946) , and Jacob (1946) for confined aquifers. Analytical methods by Hantush and Jacob (1955) and by Walton (1962) were used for semiconfined, leaky, hydrologic conditions. Time constraints were provided for only a preliminary analysis of regional transmissivity patterns within the Upper Floridan aquifer. Additional data extending over a wider area could improve the understanding of regional transmissivity patterns. The thicknesses of open-hole aquifer-test intervals varied from as little as 1 ft to as much as 2,250 ft ( fig. 5 ). For example, most transmissivity estimates are based on open-hole intervals that range between 101 and 1,000 ft thick ( fig. 5) . However, the large open-hole thickness present in most wells prohibits hydraulic evaluation or direct comparison of discrete flow zones within the stratigraphic section.
For purposes of this analysis, the Upper Floridan aquifer is divided into upper and lower zones ( fig. 2) . The upper zone is considered to represent open-hole well conditions contained within the lower part of Hawthorn Group, Suwannee Limestone, and Ocala Limestone. The lower zone includes open-hole well intervals in the Ocala Limestone and Avon Park Formation. This arbitrary division into upper and lower zones is based partly on comparison of major hydrogeologic units identified in the ROMP 29A test corehole and a cursory examination of the nearby ROMP 28 test corehole, suggesting subregional flow zone continuity. An important assumption in the following discussion is that flow zones identified in ROMP 29A are relatively continuous and are representative of subsurface conditions in a wide area that extends northwest, north, and northeast of Lake Okeechobee.
Contour maps showing the configuration and extent of different geologic and hydrogeologic units were used to assign aquifer-test data to specific geologic or hydrogeologic units (Miller, 1986) . Based on the assignment of each well's open-hole interval, the estimated transmissivity was mapped for the upper and lower zones (figs. 6 and 7, respectively). Some wells were not included in this analysis because they could not be clearly separated into upper and lower zones of the Upper Floridan aquifer. 
